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tv J�N(H
[ \ k f�å ��{�{R��k } H
R�[p]
LPO �(T e e�N�Rd] a�N`^ ] R�Rd] Q�e dÍ{ 7*p ]
G.`cdÍ{ 7*p	r U Oba�^rad^.T OMG.O4Ja�OL]
L_e>ad] a�T \CHI\�_.Lh] a�OPHIG�]
G�` `.OMa�OM`.T e �^Q�ad^�T3t1] _'e�T�R�J�v Tse�^ �-]
N`^

`.T�G.HI[ OPG-] a�HIR(k��iN(N�_.[ _.LL] a�Tse�a�^.T R�T e�_.Lba�eZOPGPad^�T \�HI\._.LL] a�OMHIG ]
R�J
Rd] Q5qÒÌ�q k

tv J�N(H
[ \ k f�å zR�&r�r ��{ k H�aITse ] \.OMT(N�T H
fZad^.T* R�e a�J�T�[ Obe�e�OPHIG `.HI_��.LMT'JB`.O$éCT(R�T(G:a�OL]
L e�\�T(N!Ja�R�_.[ a�H ad^.T e�T(N�HIG.`KJBT([ OLe�e�OPHIG e�\�T(Nsa�R�_.[ k ��e�T�` a�H \.R�H�`._.N�T
`.HI_ �.LPT!J�`.O<é T�R�T(G:a�Oh]
L�N�R�H7e>e e�T�Nsa�OPHIG'e R�TêÎ�_�T e>a�T(` �FQ ad^.T �Ò}h��v
fhHIR�[ ] a(k��SaS\.R�T e�T(G:a�HIG.L4QNa�UZH e�_��'e�T×Î^_.T(G:a T([ OLe>e�OMHIG'e ]
R�T N(HIG�Je�OM`.T(R�T(` Y O@k T k Y ��G Y �
G�ËZR�TW] Nsa�OMHIGgNW]
G G.H#a ��TX\.R�H�N(Tse�e�T(` k

tv J�N(H
[ \ k f�å ���Ò{b��� {S]
LMN(_.LL] a�Tse `�T(NW] Q H
f ] N(HIG:a�OPG^_._.[ e>ad] a�T OPG ad^.T \-]
R�T(G:a G^_.N�LPT�_'e
}}h��{ a�H�ad^.T N�HIG:a�OMG�_�_.[D]
G.` a�H `�OLe�N�R�T)a�T LPT'aIT(Lbe0H
fgad^.T R�T e�OM`._-]
L
G^_.N(LMT(_'e�}h}�]7Xk

tv J�N(H
[ \ k f�å ���Ò{b���E� {S]
LMN(_.LL] a�Tse � JB`.T(N ]�Q H
f `.OLe�N(R�T)a�T LPT�a
T(Lbe(k	q R�OMGga�e H
_fa a�^.T R�T e�_.Lba�e]
G.` _�\C`-]�a�T e � J e�\�T(Nsa�R�_.[ [ ]�a�R�O e�{id �ik�k _'e a �CT NW]
LMLPT(`r] fFa�T�Rad^�Ti\-]
R>a�OPN�LPTZT�[ Obe�e�OPHIG Obe N(H
[ \.LMTsa�T(` k*}�Ì�p	��åFG.H�\-]
R a�OPN�LPT T([ OLe�Je�OMHIG fhR�HI[:`.OLe�N(R�Tsa�TXLMT�aIT�LLe OLeiN�HIG'e�OP`.T�R�T(` k
tv J�N(H
[ \ k f�å ���Ò{b���Uè {S]
LMN(_.LL] a�Tse �&JB`.T(N ] Q H
fZ] N�HIG:a�OPG^_._�[!e>ad] a�T k
tv J�N(H
[ \ k f�å ���Ò{b����p {S]
LMN(_.LL] a�Tse � J�`.T�NW] Q H
f�] N(HIG:a�OPG^_._.[ e>ad] a�T �h_'e�T�` OPG'e a�TW] ` H
f

���Ò{b���Uè O4f*p	� 7hzRÌ [ HK`.T�ObeiOPGFaIHcx
T(`=Ë'k
tv J�N(H
[ \ k f�å vZY�d.d Y�Ì�} {S]
LMN(_.LL] a�Tse  -e>e�OMHIG H
fc] G^_.N�LPTW] R e>ad] a�T�a`]cx^OMG.j OPG:a�H ]
N�N(HI_.G:aSa�U H

a�OLe�N(H7e�Oba�Q TÂé T�Nsade�kk dÍ{ Jw}�� b�� k f�å���Ò{Rt1k d {S]
LMN(_.LL] a�Tse `.T(N ] Q H
f ] N(HIG:a�OPG^_._.[ e>a`]�a�T�OPG a�^.T�N(H
[ \�H7e�Oia�T G�_�J
N(LMT(_'e _'e�OPG.j t T(OP`�T(L(��T(R�jpk _.Lba�O4J e>a�T�\ {ZHI[ \CHI_�G.`g[ H�`.T(L@kk dÍ{ Jw}�� b�� k f�åt1k d k ]
OMG�k _.Lia�O J�e>a�T(\C{ZHI[ \�HI_.G�` R�HI_ a�OPG�T
k } T(_fa�R�HIGfe Y \�R�H#a�HIG'e Y]
G.`��me�]
R�T�N�HIG'e�OM`.T(R�T(` kk d � J�HIR�OPHIG k f�åÌX7_Y�Ì�} k ]
OMG Ì�7_Y�ÌE} R�HI_ a�OPG�T
k�{S] LPN(_�Lh] a�T e k _.Lba�O4J�e a�T�\3�]OMR�T(N)a ]
[ \.LMO4Ja�_�`.T eiOMG ad^.TSfhR�]
[ T]H
f�ad^.T�p	�hr ad^�T(HIR�QIkdp�^.TXR�Tse�_.Liade�] R�T�Lh]�a�T(R
_'e�T(` �FQ~p 7_Y�dop���}Da�H \.R�HK`._�N(T�k d � N(R�H#e�e_e�T�Nsa�OMHIG'e�kk d � J�HIR�OPHIG k f�åÌEq�k�q��S7�} dKT)ade HI\fa�OPNW] L [ H�`.T�L \-]
R�]
[ T)a�T�R�e(kk d � J�HIR�OPHIG k f�å{�{�{bp 7hr {S]
LMLPT(` �FQMÌ�7_Y�ÌE} � kk d � J�HIR�OPHIG k f�å v�r�èUr�{Rt {S]
LMLPT(` �FQM{�{�{bp 7�r k
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k d � J�HIR�OPHIG k f�åÌ/kMq/Ì�p	�&} {S]
LMLPT(` �FQM{�{�{bp 7�r kk d � J�HIR�OPHIG k f�å v�v�{b��r {S]
LMLPT(` �FQMÌ�7_Y�ÌE} � kk d � J�HIR�OPHIG k f�å t Y�z�Ì�7�} {S]
LMLPT(` �FQMÌ�7_Y�ÌE} � kk d � J�HIR�OPHIG k f�å%k dop	�&q {S]
LMLPT(` �FQ t�Y�z�Ì�7h} kk d � J�HIR�OPHIG k f�å �Xd �Ò{ {S]
LMLPT(` �FQMÌ�7_Y�ÌE} � kk d � J�HIR�OPHIG k f�å �XdÍ{ j,� {S]
LMN(_.LL] a�TseSa�Rd] G'e�Oia�OPH
GN]
[ \�LPOba�_.`.Tse(kk d � J�HIR�OPHIG k f�å �XdÍ{b�z�{ {S]
LMLPT(` �FQ ��dÍ{ j,� kk d � J�HIR�OPHIG k f�å r��ÒèE}�S7 {S]
LMLPT(` �FQ ��d �Ò{]kk d � J�HIR�OPHIG k f�å{Rr��&zid {Rt {S]
LMLPT(` �FQ ��dÍ{ j,� kk d � J�HIR�OPHIG k f�å{Rr��&z 7�� {S]
LMLPT(` �FQ ��dÍ{b��z�{]kk d � J�HIR�OPHIG k f�å{Rr��&z�V {S]
LMLPT(` �FQ ��dÍ{b��z�{]kk d � J�HIR�OPHIG k f�å 7���{Rthr�v {S]
LMLPT(` �FQ ��dÍ{b��z�{]kk d � J�HIR�OPHIG k f�å 7���{id Y k {S]
LMLPT(` �FQ ��dÍ{b��z�{]kk d � J�HIR�OPHIG k f�å{Rr��&zRthv {S]
LMLPT(` �FQ ��dÍ{b��z�{]kk d � J a�R�OLe a`]
G k f�å p 7�Y�dop���} k ]
OMG�p 7_Y�dop���} R�HI_fa�OPG.T k {S] LPN(_�Lh] a�T eUa�UZH e>a�T�\ k d � N�R�H7e>ee�T�Nsa�OPHIG'e _'e�OMG.j ad^.T R�T e�_.Lba�e H f�Ì�7�Y�Ì�} e>a�H
R�T(` HIG p���q&� jY� ] G.`� 7hq�� R�Tse�\�HIG'e�TXfh_.G.N)a�OMHIG'e(kk d � J a�R�OLe a`]
G k f�å Y�}�&r ��d {S]
LMN(_.LL] a�TseiR�T e�\CH
G'e�TXfh_.G.N)a�OPH
G'e(kk d � J a�R�OLe a`]
G k f�å 7���1Yw��r {S]
LMLPT(` �FQNY�}h�Òr �SdCkk d � J a�R�OLe a`]
G k f�å{Rr��&zbp 7_Y {S]
LMLPT(` �FQNY�}h�Òr �SdCkk d � J a�R�OLe a`]
G k f�å z�{id q T�R�fhHIR�[pe�z�{id NW] LPN(_�Lh] a�OPHIG'e�kk d � J a�R�OLe a`]
G k f�å }��kMzR� 7 {S]
LMLPT(` �FQ z�{id�kk d � J a�R�OLe a`]
G k f�å � d ÌX7�p dKHIR ade_e�OMG.jILMT'J�\']
R>a�OPN(LMT LMT�a
T(LLe�]
N�N(HIR�`.OPG�jPa�H OPG.N�R�TW] e�OPG�j T�G.T(R�j
QIkk d � J a�R�OLe a`]
G k f�å d q&rc��r {S]
LMN(_.LL] a�Tse�e�OPG�jILPT!J�\-]
R a�OMN(LPT LPT'aIT�LLe(kk d � J a�R�OLe a`]
G k f�å 7h� d q&}Sd {ZHIG:a�R�HILLe NW]
LMN(_.LL] a�OMHIGXH
f-ad^�T R�Tse�\�HIG'e�T fh_.G.Nsa�OPHIGfe ]
G.` \.R�OMGga�eZad^�T
R�Tse�_.Liade�kk d � J a�R�OLe a`]
G k f�å q/Ì�r �E}�k {S]
LMLPT(` �FQ q&}�Ì�7 kck
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k d � J a�R�OLe a`]
G k f�å qÒ}Ì�71k {S]
LMLPT(` �FQ d q&�Ò{bp 7Xkk d � J a�R�OLe a`]
G k f�å Y�}���� 7*p Y�GFaIT�R>ade ] [ ] a�R�O e kk d � J a�R�OLe a`]
G k f�å d q&�/{bp 7 q T�R�fhHIR�[pe OPG:a�T�R�\�HILh] a�OPHIGfe�] G.`  G-]
L NW]
LMN(_.LL] a�OMHIG'e H
f_ad^.T k d �
N(R�H7e�e_e�T(Nsa�OPHIGfe��hOPG.N�LP_.`�OPG.jP]
G�jILPT�OMGga�T(jIR�] a�OMHIG1Ë!kk d � J a�R�OLe a`]
G k f�å ��{�{R��k d � �]Obe>a�R�O(�._ a�T e[k do� e�\CT�Nsa�R�_.[ H�aIT�R�a�^.T R�T e�OP`._']
L.G^_.N(LMT(_'e N(H
Gga�OPGKJ
_._.[ ]#e>e�_.[ OPG�jpad^'] a a�^.Te�\.OPG `.OLe a�R�O��._fa�OPHIGgOLe \.R�HI\CH
R>a�OMHIG-]
L a�Had^�T/e�\.OPGg`.Obe>a�R�O(��_fa�OMHIG H
f j ä&J j + e>a`]�a�T e�kb� OLe>a�R�O��._fa�Tse_]
LLe�Hpk d �
N(H
Gga�R�O��._fa�OMHIG H�aIT(RNad^�Tc`.Obe�N�R�Tsa�TcLMT�a
T(LLe OPG ]
G ]
R �.Oba�Rd]
R�Q US] Q YfhT(T�`.OPG�j \�R�T(`�HI[ OMG-]
G:a�L4Q � $ ad^�T(G �1J ]
G.`  G']
LPL4Q � $ e>ad] a�Tse \�H7e�Je�O��.LMQ N(LMH7e�T�a�HPa�^.TXN(HILMLPT�Nsa�O4aIT e a`] a�T e H
fcad^.Tse�T [ _.Lba�OP\�HILh] R�Oba�OPTse(k

Ì kgJ�e�NW] a � k f�åÉÌ kMp	r k ]
OMG d {b�dp � R�HI_ a�OPG�T
k � R�Rd] G.jIT e fhHIR NW]
LMN(_.LL] a�OMHIG H
f�H
\fa�OMNW]
L
[ HK`.T�L a�R�]
G'e�[ Obe�e�OMHIG N(H�T�6 N�OPT(G:a�e(k

Ì kgJ�e�NW] a � k f�åv���{bp {S]
LMN(_.LL] a�TseiLPHIj:] R�Oba�^.[ eZH
fcad^.T�f4]
N)a�HIR�Oh]
L�fh_.G.N)a�OPH
G k
Ì kgJ�e�NW] a � k f�å Y�}�p	�/è Y�G:a�T�jIRd] a�T e dKN`^�R�H�T(`.OMG.jIT(R TêÎ^_-] a�OMHIG _'e�OPG.j } _.[ T�R�H�a [ Tsa�^.H�`

�Z� kÉ{]kÒ�]LMLPObe�HIG �
HI_.R�G-]
L H
fU{ZHI[ \._fad] a�OMHIG-]
LRqA^FQ�e�OMN e�� � j  â W Ë� âcs J>�! j Ë'k
Ì kgJ�e�NW] a � k f�å�� Y�}��kM� r�]-�Pa�HÏ{�k a�Rd]
G'e�fhHIR�[p] a�OPHIG _'e�OPG.j R�T�Lh] a�OMa�OLe a�OMNRx^OPG.T�[ ] a�OPNse Y ad^�TR�T�`._.N�T(` [p]#e>eiOLeiR�T�\.Lh] N(T(` �FQ ad^.TXR�T(`._.N�T(`�a�H#ad]
L T(G�T(R�j Q
Ì kgJ�e�NW] a � k f�åq 7��&�}�è {S]
LMN(_.LL] a�Tse	r T�jIT(G�`.R�TX\�HILMQ�G.HI[ Oh] LLe(k
Ì kgJ�e�NW] a � k f�åq 7_Y�q/Ì�p q R�OMGga�e \-]
Rd] [ T)a�T(R>eiH
fcad^.TXHI\fa�OPN ]
L [ HK`.T�L \�H#a�T�Gga�Oh]
L@k
Ì kgJ�e�NW] a � k f�åq 7_Ywp�{ q R�OMGga�eSa`]-��LPT eZH
f�a�Rd] G'e�[ OLe>e�OPH
G N(H�T�6 N(OMT(G:ade OMG ad^.TSfhHIR�[ ]�aSe�_�Oba�J]-�.LMTSfhHIR�èE}h��dot N(H�`.T ��G.H#a _fe�T(`=Ë'k
Ì kgJ�e�NW] a � k f�åq 7_Ywp	� q R�OMGga�eSa`]-��LPT eZH
f�a�Rd] G'e�[ OLe>e�OPH
G N(H�T�6 N(OMT(G:ade OMG ad^.TSfhHIR�[ ]�aSe�_�Oba�J]-�.LMTSfhHIR dop���q 7�� N(H�`.T ��G.H a _fe�T(`=Ë'k
Ì kgJ�e�NW] a � k f�å 7�{ b v*} {S]
LMN(_.LL] a�TseÜ{ZHI_.LMHI[��SU ]�a
T fh_.G.Nsa�OPHIGfe �^Q ad^.T N�HIG:a�OPG^_.T�`KJBfhR�]
Nsa�OPHIG

[ Tsad^�HK` H
f ��k b kVd�a�T�T(` �4e�T(T � k 7Xk zS]
R�G.Tsa>a Y � k t kÜv T(G�j Y ��k b k
d�a�T(T(`�]
G�`5r k ��k z]k=è�HILP`Kf4]
R � Y {ZHI[ \._fa�T(R�q ^FQ�e�OMN eh{ZHI[ [ _.G.OMNW]1Ja�OMHIG'e���� j  â � ËG� âkâ J#�! � Ë!k

Ì kgJ�e�NW] a � k f�å�dÍ{b�dp {S]
LMN(_.LL] a�Tsea�R�]
G'e�[ OLe>e�OMHIG N(H�T�6 N�OPT(G:a�e _fe�OPG�j e�\'^.T�R�OMNW]
L H
\fa�OMNW]
L
[ HK`.T�L k

Ì kgJ�e�NW] a � k f�å�d t���q&�Ò{ {S]
LMN(_.LL] a�Tse e>^-]
\�TZT(LL]#e>a�OPN `.O<é T�R�T(G:a�Oh]
LFN�R�H7e>e�J�e�T(N)a�OPH
G fhHIRVN`^-]
R�j
T(`
\-]
R a�OMN(LPTse(k
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Ì kgJ�e�NW] a � k f�å�d t���q&�&r � {S]
LMN(_.LL] a�Tse�e>^-]
\�T T(Lh] e>a�OMN `.O$éCT(R�T(G:a�OL]
LSN(R�H7e�e�J�e�T(Nsa�OPHIG fhHIRgG.T(_�Ja�R�HIG'e�k
Ì kgJ�e�NW] a � k f�å�d q Y�} W q R�OMGga�eUa�Rd] G'e�[ OLe>e�OPH
G N(H�T�6 N(OMT(G:ade Y ]
G.` a�H#a`]
L Y T(Lh] e>a�OMN ]
G.`�]-�KJe�H
R�\fa�OPHIGgN(R�H7e�e_e�T(Nsa�OPHIGfe fhH
RiOPG.N�OP`.T�Gga \']
R>a�OPN(LMT�H
f e�\.OMG W k
Ì kgJ�e�NW] a � k f�å�d q Y�} W � q R�OMGga�eUa�Rd] G'e�[ OLe>e�OPH
G N(H�T�6 N(OMT(G:ade Y ]
G.` a�H#a`]
L Y T(Lh] e>a�OMN ]
G.`�]-�KJe�H
R�\fa�OPHIGgN(R�H7e�e_e�T(Nsa�OPHIGfe fhH
RiOPG.N�OP`.T�Gga \']
R>a�OPN(LMT�H
f e�\.OMG j X � k
Ì kgJ�e�NW] a � k f�å�d q Y�} j q R�OMGga�eUa�Rd] G'e�[ OLe>e�OPH
G N(H�T�6 N(OMT(G:ade Y ]
G.` a�H#a`]
L Y T(Lh] e>a�OMN ]
G.`�]-�KJe�H
R�\fa�OPHIGgN(R�H7e�e_e�T(Nsa�OPHIGfe fhH
RiOPG.N�OP`.T�Gga \']
R>a�OPN(LMT�H
f e�\.OMG j k
Ì kgJ�e�NW] a � k f�å�d �dp	qÒÌ�p d dKT)ade \-]
R�]
[ T)a�T�R�e H
fcad^.TXHI\fa�OPN ]
L [ HK`�T(L \�H#a�T�G:a�Oh] L k]
_KeKOMLPOh] R�QIk f�å{Rr��d�]7 dKT)ade_e�HI[ TX[ ]�a�R�OMN(Tse�]
G.`ga ]
R�OL]-�.LPTse a�H W k]
_KeKOMLPOh] R�QIk f�å Y�}hp�èX7]d {S]
LMN(_.LL] a�Tse_] j
T(G.T�R�OPNXOMGga�T(jIR�]
L k]
_KeKOMLPOh] R�QIk f�å r d � r�è�� r0TW]#e a�J eOÎ^_-]
R�T e  'a�a�OPG.j �^Q a#] R�Oh]%�.LPT HIR�`�T(REr0T(jIT�G.`.R�T \CHIL4Q�G.HI[ O4J]
Lbe(k]
_KeKOMLPOh] R�QIk f�å r d � rÜ�Òè v Oiade	r0T(jIT�G.`.R�T N�HKT'6 N(OPT�G:ade_a�H ]Ue�Tsa H
f `-] ad]�k]
_KeKOMLPOh] R�QIk f�å qÒrÜ}hr��Òè � a ]
LP_-]�a�T e	r0T�jIT(G.`�R�T \CHIL4Q�G.HI[ Oh]
Lbe _.\Na�H HIR�`.T(R�}hr k]
_KeKOMLPOh] R�QIk f�å%kMp �hèU�hq k ] a�R�O e e�HILMa
T(Ri_'e�OPG.j è ]
_'e>e T(LMOP[ OPG-] a�OPHIGp]
G.` \']
R>a�Oh]
L�\.OMa
H#a�OMG.j.k]
_KeKOMLPOh] R�QIk f�å%kM�dp�Y�} k ] a�R�O e OMGFaIT(R>e�OMHIG U Oba�^P]
N(N�HI[ \']
GFQKOMG.j�e�HILP_fa�OPHIG H
f�LPOMG.TW]
RVT×Î^_-],Ja�OMHIG'e�k ��_'e�T(` OPG
k dÍ{ N ]
LPN�_.Lh]�a�OPH
G'eyË]
_KeKOMLPOh] R�QIk f�å%kM�dp�Y�} j k ] a�R�O e OMGFaIT(R>e�OMHIG U Oba�^P]
N(N�HI[ \']
GFQKOMG.j�e�HILP_fa�OPHIG H
f�LPOMG.TW]
RVT×Î^_-],Ja�OMHIG'e*�h`.O$éCT(R>e fhR�HI[!kM�dp�Y�} OMGg`.OP[ T(G'e�OPHIGfeyË'k]
_KeKOMLPOh] R�QIk f�å%kMp ��Y�}	� k ] a�R�O e OPGFaIT�R�e�OPHIG _'e�OMG.j�è/]
_fe�e�J �
HIR�`']
Gc[ Tsa�^.H�` ] G.` fh_�LPL \.O4a^J

H#a�OPG.j.k]
_KeKOMLPOh] R�QIk f�å%kMp ����èL� pVR�OP`�Oh]
jIH
G-]
LV[ ] a�R�O ere�HILMa
T(RX_'e�OMG.j�è/]
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24-CR-52(N,2N),,SIG
28-Nov-2001 15:08

Incident Energy (MeV)
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Incident Energy (MeV)
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1991 Viennot
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1985 Ribansky
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1903 Valkonen
1900 Kawade
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28-Nov-2001 15:53

Incident Energy (MeV)
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